
~~~~- 

NASA TT F-9388 

GEODETIC JUNCTION OF FRANCE AND NORTH AFRICA BY SYNCHRONIZED 
PHOTOGRAPHS TAKEN FROM THE ECHO I SATELLITE 

H. M. Dufour 

T r a n s l a t i o n  of "La Jonc t ion  g6od6sique France Afrique du Nord p a r  
photographies synchrones du S a t e l l i t e  ECHO I" 

Symposium de  Ggod6sie pa r  S a t e l l i t e s .  
I n s t i t u t  Ggographique Nat iona l ,  

2" D i rec t ion  - Ggodgsie 
Groupe d'Etudes s p a t i a l e s  
December, 1964, 14  pages 

I 

GPO PRICE $ 

ITWRU) OTS PRICEIS) $ 

j 
IACCESSION NUMBER) 

H 
E 
E 
> 
5 ICdDEI I 
h Hard copy (HC) i5@ p 

I 

6 

(NASA CR OR TMX OR AD NUMUER) ' 
~CITOOORII 

I Microfiche (MF) .m 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON J U N E  1965 



. 
I NASA TT F-9388 

GEODETIC J U N C T I O N  OF FRANCE AND NORTH AFRICA BY SYNCHRONIZED 
PHOTOGRAPHS TAKEN FROM THE ECHO I SATELLITE 

by ECHO I - May, 1964 

I n  t h e  course of t h i s  r e p o r t ,  we in t end :  

-- t o  review t h e  gene ra l  p r i n c i p l e s  of t r i a n g u l a t i o n  by s a t e l l i t e  

-- t o  desc r ibe  t h e  material  used 

-- t o  i n d i c a t e  t h e  gene ra l  c h a r a c t e r i s t i c s  of t h e  ground works f o r  t h e  France- 

North Af r i ca  junc t ion :  

P repa ra t ion  of observa t ions  

Ground work 

P r a c t i c a l  r e s u l t s  

-- t o  g i v e  a b r i e f  ske t ch  of t h e  work of process ing  t h e  p l a t e s  and of t h e  com- 

p u t a t i o n s  programs. 

-- t o  i n d i c a t e  t h e  r e s u l t s  ob ta ined  and t h e  improvements envisaged. 

Attached documents : 

a) Nat iona l  Geographic I n s t i t u t e  

Space S tud ie s  Group - Bal l i s t i c  cameras 

( in s t a l lmen t  publ ished a t  the  COSPAR Congress - May, 1964) 

b )  Nat iona l  Geographic I n s t i t u t e  - Direc to r  of Geodesy 

H. M. DUFOUR - Space Geodesy - Calcula t ion  t a p e s  

( i n t e r n a l  d i s t r i b u t i o n  of the I. G. N . )  

I. GENERAL PRINCIPLES OF TRIANGULATION BY SATELLITE 

The b a s i c  p r i n c i p l e  is  q u i t e  simple: a luminous o b j e c t  is  no t  seen  

a g a i n s t  t h e  same background of stars,  according t o  t h e  po in t  on theEar thwhere  

t h e  observer  is  s t a t i o n e d .  It is understood t h a t  photography of t h i s  luminous 

o b j e c t ,  along wi th  photography of t h e  stars which surround i t ,  g ives  informa- 

t i o n  which permits  f i x i n g  t h e  pos i t i on  of p o i n t s  on t h e  Ea r th ' s  s u r f a c e ,  o t h e r  



., 

p o i n t s  being presumed known. 

NASA TT F-9388 

To r e f i n e  t h i s  i dea :  t h e  s o l i d  e a r t h ,  considered non-deformable, t o  

which w e  a t t a c h  a t r i h e d r a l  TXYZ, has i n  d i r e c t i o n  a motion known as a func t ion  

of t i m e  on t h e  s te l lar  sphere ,  a motion given by p o s i t i o n  Astronomy; knowing 

t h e  t i m e  means immobilizing t h e  t r i h e d r a l  i n  t h e  s te l lar  f i e l d ;  each star thus  

c o n s t i t u t e s  an abso lu te  d i r e c t i o n ,  i n  t h e  t r i h e d r a l  TXYZ; a d i r e c t i o n  given by 

t h e  ephemerides of t h e  s ta rs .  

I n  a similar f a sh ion ,  we Dust "immobilize" t h e  luminous o b j e c t ,  which, 

p r a c t i c a l l y  speaking,  n e c e s s i t a t e s  making synchronous ( o r  quasi-synchronous) 

observa t ions  from t h e  d i f f e r e n t  po in ts  on t h e  globe which w e  want t o  t i e  to- 

ge the r .  

The luminous o b j e c t  can e m i t  f l a shes  of l i g h t :  s imu l t ane i ty  is thus  auto- 

m a t i c a l l y  assured.  It may be  continuously luminous: then  i t  is necessary t o  
- 

create " a r t i f i c i a l  f l a shes"  us ing ,  a t  d i v e r s e  observa t ion  s t a t i o n s ,  revolving ~ 

s h u t t e r s  whose r o t a t i o n  are synchronous. 

"Anna" is such a f l a s h i n g  satel l i te :  i t  has  been u s e f u l  f o r  geodet ic  ex- 

per iments .  It is  more c o s t l y  than a cont inously luminous sa te l l i t e ,  as i t  

works only on command - and i t  is p resen t ly  out  of order .  

ECHO I and ECHO I1 are continuously luminous satel l i tes  ( i t  i s  ECHO I 

which w a s  chosen f o r  t h e  France - North Af r i ca  junc t ion . )  
- 

P r a c t i c a l l y  speaking,  photography involves :  

-- a c e r t a i n  number of s tar  photos which permit c a l c u l a t i n g  t h e  o r i e n t a t i o n  of 

t h e  camera. 

-- a c e r t a i n  number of l i g h t  f l a shes :  i n  t h e  case  of t h e  French observa t ions ,  

t h e  s h u t t e r  t u r n s  a t  t h e  ra te  of s i x t y  revolut ions/minute ,  producing s i x t y  

luminous p o i n t s  i n  one minute,  which w e  c a l l  "f lashes" .  
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p s e n t i a l l y  t h e  problem i s  t o  i n t e r p o l a t e  t h e  p o s i t i o n  of t h e  f l a s h e s  

among t h e  known star p o s i t i o n s ;  l e t  us mention r i g h t  away t h a t  t h e  s i x t y  f l a s h -  

es are brought t oge the r  as one c e n t r a l  f l a s h ,  and t h a t  t h e  d i r e c t i o n  f o r  t h i s  

c e n t r a l  f l a s h  is obta ined  i n  t h e  t r i h e d r a l  TXYZ. 

Thus each photo givens a known d i r e c t i o n  SF, S being t h e  s t a t i o n  and F 

t h e  f i x e d  po in t .  W e  s h a l l  see, apropos t h e  France - North A f r i c a  j u n c t i o n ,  

how t h e  geodet ic  problem i s  d iscussed ,  s t a r t i n g  from t h i s  fundamental p r i n c i p l e .  

Seve ra l  r e s u l t s  necessary t o  p rec i s ion :  

I f  angular  p rec i s ion  of 1" ( t h a t  i s ,  1/200,00Oth of a rad ian)  is d e s i r e d  

f o r  SF, w e  must have: 

- a l o m 3  sec  p r e c i s i o n  to l e rance  f o r  t h e  revolv ing  s h u t t e r ;  

- accuracy of s i d e r a l  t i m e  t o  1 /20th  of a second; 

- accuracy w i t h i n  two t o  t h r e e  p i n  t h e  de te rmina t ion  of star p o s i t i o n s  

and f l a s h e s  on t h e  photographic p l a t e  ( f o r  a f o c a l  l eng th  of 30 cm.) 

11. INSTRUMENTS 

W e  r e f e r  t h e  reader  t o  document ( a ) .  

The appara tus  inc ludes ,  e s s e n t i a l l y :  

-- a camera, f o c a l  l eng th  30cm, furn ished  wi th  a revolving s h u t t e r  and wi th  a 

l e a f  s h u t t e r .  

-- a q u a r t z  chronometer, f o r  r egu la t ing  t h e  r evo lu t ions  of t h e  s h u t t e r  a t  t h e  

rate of one r ev / sec ,  f o r  photography of t h e  sa te l l i t e ;  and f o r  r e l e a s i n g  t h e  

l e a f  s h u t t e r  f o r  t h e  star photos.  

The e n t i r e  appara tus  is  extremely s imple and h igh ly  po r t ab le .  

Nota t ion  of t h e  hours  i s  e f f ec t ed :  

-- f o r  t h e  sa te l l i t e ,  by d i r e c t  reading on t h e  revolv ing  s h u t t e r  c a l i b r a t i o n  

scale: each second b l i p  of t h e  t i m e  s i g n a l  i l l umina te s  t h e  frame of t h e  
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s h u t t e r ,  always a t  t h e  same p o i n t ,  thus  pe rmi t t i ng  t h e  observer  t o  t ake  a 

c o r r e c t  reading ( a t  c l o s e  t o  sec ) .  

-- f o r  t h e  stars: according t o  t h e  same p r i n c i p l e  - on a revolv ing  c a l i b r a t e d  

d i s k  incorpora ted  i n t o  t h e  qua r t z  chronometer. 

111. THE GEODETIC LIAISON FRANCE - NORTH AFRICA (May, 1964) 

Under t h e  auspices  of t h e  Nat ional  Center f o r  Space S tud ie s  (C.N.E.S.), 

t h e  Nat iona l  Geographic I n s t i t u t e  w a s  charged wi th  e f f e c t i n g  t h e  France - North 

Af r i ca  l i a i s o n  by means of synchronous photographic observa t ions  of t h e  ECHO I 

sa t e l l i t e .  

Known p o i n t s :  

- Lacanau (near  Bordeaux, on t h e  A t l a n t i c )  

- Agde (near  S e t e ,  on t h e  Mediterranean) 

- Oletta (Corsica)  

P o i n t s  t o  be  determined: 

- Hammaguir (West Sahara) 

- Ouargla (East  Sahara) 

Ac tua l ly ,  t h e  f i v e  po in t s  are a l ready  known i n  t h e  European Compensation 

system ( c a l l e d  Compensation Europe 1950), and t h e  work c o n s i s t s  i n  comparing 

classical  geodet ic  t ransmiss ion  with t ransmiss ion  by means of s p a t i a l  geodesy. 

S a t e l l i t e s  used 

The only observa t ions  r e t a i n e d  w e r e  those  made of ECHO I,  which, by rea- 

son  of i t s  culminat ion a t  around 47.5', i s  w e l l  s u i t e d  t o  observa t ion  from t h e  

Mediterranean area. 

The observa t ions  s l o p e  gradual ly  from t h e  4 th  t o  t h e  26th of May. It w a s  

sometimes poss ib l e  t o  o b t a i n  fou r  use fu l  passes  i n  one evening. 

ECHO I1 w a s  s i m i l a r l y  observed beginning May 20th,  b u t  no observa t ions  
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have been r e t a ined .  ECHO I1 could have a t  most b u t  one u s e f u l  passage. 

Geodetic conf igu ra t ion  

I n  t h e  f i n a l  c a l c u l a t i o n s ,  a l l  the observa t ions  of abso lu t e  d i r e c t i o n s  

w i l l  be  rep laced  by obse rva t iona l  r e l a t i o n s ,  which w i l l  permit d e f i n i t i o n  of 

t h e  unknown p o i n t s  (with t h e i r  t a b l e  of e r r o r s ) ;  b u t  f o r  t h e  observa t ions  them- 

selves, i t  i s  necessary t o  de f ine  a genera l  l i n e  of work which w i l l  a s s u r e  2 

p r i o r i  a s a t i s f a c t o r y  o v e r a l l  conf igura t ion .  

One may reason as fol lows:  

1st po in t  of view 

The c e n t r a l  meridian of t h e  zone of observa t ion  has  a long i tude  of around 

2" East; t h e  c e n t r a l  p a r a l l e l  i s  a t  38" l a t i t u d e .  The most important  p o i n t s  

f o r  t h e  l i a i s o n  are t h e  po in t s  of t he  sa te l l i t e ' s  t r a j e c t o r y ,  on t h e  mean 

p a r a l l e l ,  r e s p e c t i v e l y  t o  t h e  West and t o  t h e  E a s t  of t h e  c e n t r a l  meridian 

(po in t s  E a s t  of t h e  v e r t i c a l  i n  t h e  south of I t a l y ,  p o i n t s  West of t h e  ve r t i ca l  

i n  Spain) .  

__ 

These p o i n t s  are determined by i n t e r s e c t i o n  from t h e  t h r e e  French 

bases .  The i r  i n t e r s e c t i o n  determines t h e  Afr ican  po in t s :  cons ider ing  t h e  

schematic ,  i t  becomes apparent  t h a t  t h i s  l a t t e r  i n t e r s e c t i o n  is a good one, t h e  

f i r s t  one n o t  being as d e s i r a b l e ,  s i n c e  t h e  French p o i n t s  c o n s t i t u t e  a r a t h e r  

narrow base.  

2nd p o i n t  of view 

The set of a s t r a l l y  def ined d i r e c t i o n s  determine a c e r t a i n  number of 

p lanes :  t h e s e  p l anes ,  combined, permit d e f i n i t i o n  of t h e  r i g h t  l i n e s  j o i n i n g  

t h e  p o i n t s  on t h e  ground. 

Examining t h e  schematic,  one r e a l i z e s  t h a t  a l l  t h e  r i g h t  l i n e s  of t h e  

schematic  are thus  w e l l  def ined ,  save t h e  r i g h t  l i n e  Ouargla-Hammaguir, as i t  

w a s  d i f f i c u l t  t o  have Afr ican poin ts  n o t  s i t u a t e d  i n  t h e  cone of t h e  shadow. 
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Here aga in ,  one r e a l i z e s  t h a t  t h e  African p o i n t s  are def ined  by i n t e r s e c t i o n  

s t a r t i n g  from a French base  which is r a t h e r  narrow. 

Forecas t  of t h e  passages 

For each passage of t h e  satel l i te ,  t h e  p o i n t  of t h e  sa te l l i t e ' s  t r a j e c t o r y  

t o  be  aimed a t  i s  i n  a c t u a l  f a c t  imposed; t h e  works coord ina tor  chooses t h i s  

po in t  as a func t ion  of d i v e r s e  elements: 

-- f i r s t  of a l l ,  t he  n e c e s s i t y  of a genera l ly  w e l l  formed geometric f i g u r e ,  as 

w e  have noted 

-- obse rva t ion  hours s u i t a b l e  f o r  s tar  photography: from t h i s  po in t  of view, 

t h e  s t a t i o n s  a t  h igh  l a t i t u d e s ,  i n  summer, are very unsu i t ab le .  

-- i t  is  a l s o  necessary t h a t  t h e  satel l i te  l eave  t h e  shadow cone soon enough s o  

t h a t  t h e  observers  are n o t  su rp r i sed  ( a c t u a l l y ,  t h e  hour of t h e  satel l i te ' s  

arr ival  o f t e n  can no t  be p red ic t ed  t o  b e t t e r  t han  about f i v e  minutes) .  
__ 

T h e o r e t i c a l l y ,  i t  should be  poss ib l e  t o  t ake  i n t o  account previous success-  

f u l  evenings of observa t ion ;  p r a c t i c a l l y ,  t h i s  i s  s c a r c e l y  p o s s i b l e ;  i n  f a c t ,  

t h e  gene ra l  coord ina tor  e s t a b l i s h e s  a p l an  and fo l lows  i t  more o r  less r i g i d l y .  

For t h e  passage f o r e c a s t s ,  t h e  ECHO I ephemerides are used, as fu rn i shed  

by t h e  Smithsonian Ast rophys ica l  Observatory of Massachusetts.  

Upon r ecep t ion  of an ephemeride, t h e  passages are numbered, t h e  ephemeride 

f o r  around 15 days i s  ex t r apo la t ed ,  the  p o i n t s  of passage are chosen - t h a t  is  

t o  say ,  t h e  p o i n t s  i n  t h e  sky a t  which t h e  b a l i s t i c  cameras w i l l  have t o  be  

aimed; an e l e c t r o n i c  program then  furn ishes  a s ta tement  i n d i c a t i n g  f o r  each 

s t a t i o n  a l l  t h e  elements of observa t ions .  

I n  p r a c t i c e ,  between t h e  elements of t h e  ex t r apo la t ed  ephemeride and t h e  

va lues  of t h e  fol lowing ephemeride, w e  c u r r e n t l y  encounter  d i f f e r e n c e s  on t h e  

o r d e r  of 10 minutes i n  t i m e  and 2 t o  3 degrees i n  longi tude .  These d i f f e r e n c e s ,  
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al though d i sag reeab le ,  are acceptab le  i n  observa t ion .  They bea r  ou t  t h e  f a c t  

t h a t  ECHO I ,  being very  l i g h t ,  i s  extremely s e n s i t i v e  t o  r a d i a t i o n  p res su re .  

Ground ope ra t ions  

The t a s k  of t ak ing  t h e  p i c t u r e s  n e c e s s i t a t e s  only two o p e r a t o r s ,  b u t  i n  

p r a c t i c e  i t  i s  a good i d e a  t o  provide a t e a m  of t h ree :  a c t u a l l y ,  dur ing  t h e  

useable  t i m e  per iod ,  photographs are taken every two hours i n  t h e  course of t he  

n i g h t ,  every n i g h t ;  i t  i s  d e s i r a b l e  under t h e s e  condi t ions  t o  provide  f o r  each 

ope ra to r  one n i g h t ' s  rest every t h r e e  n i g h t s .  

The p ic ture- tak ing  ope ra t ion  inc ludes  t h e  fol lowing phases:  

(placement of t h e  camera i n  t h e  s t a t i o n ,  2 hours  before  t h e  observa t ion)  

( s t a r t i n g  of t h e  chronometer) 

Placement of a p l a t e  i n  t h e  camera 

S e t t i n g  of t h e  chronometer, by t i m e  s i g n a l s  

Photography of t h e  stars ( f i r s t  sho t )  

S t a r t i n g  of t h e  s h u t t e r  d i s k ;  r egu la t ion  by t i m e  s i g n a l s  

Photography of t h e  sa te l l i t e ,  a t  t h e  rate of one sho t  p e r  second, save  t h e  

~ 

sixty-second b l i p  of each minute,  which is  e l imina ted  by a d i s k  worked by an 

opera tor*  

Stopping t h e  d i sk :  photography of the  stars (second s h o t )  

Photography of t h e  synchronizing marks a t  t h e  base  of t h e  camera 

Replacement of t h e  p l a t e  

S e t t i n g  up of t h e  camera f o r  t h e  next  observa t ion .  

Operat ions inc lude  as w e l l :  

-- Development of t h e  p l a t e  

-- P r i n t i n g  of a paper  wi th  t h e  following information:  d i r e c t i o n  of t h e  

*The ope ra to r  hea r s  t h e  t i m e  s i g n a l s  and p laces  t h e  d i s k  i n  f r o n t  of t h e  
o b j e c t i v e  when he  hea r s  t h e  long s i g n a l  of t h e  f u l l  minute. 
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satel l i te ' s  passage,  numbering of the minutes . . . .d i rec t ion  of d i u r n a l  move- 

ment. 

The important  elements of ground opera t ions  are e s s e n t i a l l y :  

-- The s t a b i l i t y  of t h e  apparatus  during t h e  i n t e r v a l  of t i m e  which s e p a r a t e s  

t h e  two s h o t s  of t h e  stars; t h i s  i n t e r v a l  i s  p r e s e n t l y  f i f t e e n  minutes ,  and 

w i l l  be  reduced t o  less than t e n  minutes. 

-- Noting of t h e  hour on t h e  turn ing  s h u t t e r ,  which must be e f f e c t e d  wi th in  

seconds. 

Success of t h e  observa t ions  

About s i x t y  p o s i t i o n s  of t h e  s a t e l l i t e  w e r e  s e l e c t e d  t o  be photographed. 

(each one inc luding  s i x t y  s h o t s ) .  Here i s  t h e  t a b u l a t i o n  of success fu l  photos:  

Hammaguir: 1 5  Ouargla: 40 
Oletta : 40 Agde : 35 
Lacanau : 25 

Na tu ra l ly ,  every po in t  aimed at  s imultaneously by a t  least two s t a t i o n s  is  

useable .  Theore t i ca l ly ,  t h e  p robab i l i t y  of one p o s i t i o n  i n  f i v e  success fu l  

nega t ives  i s  : 

- 15 40 40 35 25 1 
60 60 60 60 x 6 0 z  37 

( I n  f a c t ,  t h e r e  were only two p o i n t s  e n t i r e l y  success fu l  out  of 60).  

I V  PROCESSING OF THE PLATES - CALCULATIONS 

W e  cannot h e r e  go i n t o  t h e  complete d e t a i l s  of t h i s  las t  phase of t h e  

work.* 

fo l lowing  ope ra t ions :  

W e  can only i n d i c a t e  t h e  fundamental subd iv i s ions ;  w e  proceed t o  t h e  

A) Calcu la t ions  of t h e  t h e o r e t i c a l  coord ina tes  of t h e  stars on t h e  p l a t e s  

B) Observation of t h e  p l a t e s  with a comparator 

* See document (b) f o r  a d d i t i o n a l  explana t ions .  
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C) Ca lcu la t ions  of t h e  formulas g iv ing  t h e  d i r e c t i n g  cos ines  of t h e  f l a s h e s  

i n  t h e  terrestrial  Car t e s i an  s y s t e m  

D) I n t e r s e c t i o n  of t h e  f l a s h e s  s t a r t i n g  from t h e  approximate coord ina tes  

of t h e  s t a t i o n s  

E) Ca lcu la t ions  of t h e  unknown coord ina tes  of t h e  s t a t i o n s  s t a r t i n g  from 

t h e  known coord ina tes .  

The c h a r a c t e r i s t i c s  of t h e s e  d ive r se  opera t ions  are g iven  i n  t h e  fo l lowing  

pages. 

t u t e .  

Other c a l c u l a t i o n s  

A l l  t h e  c a l c u l a t i o n s  were made on t h e  CAB 500 of t h e  Geographic I n s t i -  

I n  a d d i t i o n ,  t h e r e  took p l ace  the  c a r e f u l  es tabl ishement  of t h e  coord ina tes  

of t h e  l i a i s o n  p o i n t s  i n  t h e  terrestrial Car t e s i an  system by means of c l a s s i c a l  

geodesy : 

P l a n i m e t r i c a l l y ,  t h e  geographic coord ina tes  ( A  (9) f o r  North Af r i ca  i n  t h e  

European Compensation system are ava i l ab le :  t h e i r  accuracy i s  c l o s e  t o  10m. 

A l t i m e t r i c a l l y ,  t h e  a l t i t u d e s  H of t h e  d i f f e r e n t  p o i n t s  above t h e  Inter- 

n a t i o n a l  E l l i p s o i d  are ca l cu la t ed  by i n t e g r a t i o n  of t h e  d e v i a t i o n s  from t h e  

v e r t i c a l  t o  t h e  astronomic po in t s .  

1st c a l c u l a t i o n :  French network 

2nd c a l c u l a t i o n :  South of France - I t a l y  - Spain - North Af r i ca  

The French network i s  dense enough t o  make t h e  r e s u l t s  worthy of confidence. 

The second network is made up of po in t s  r a t h e r  spread a p a r t  from each o t h e r .  

Af t e r  cross-checking, i t  may b e  est imated t h a t  p r e c i s i o n  t o  a decameter i s  p re -  

se rved  h e r e  as w e l l .  

The c a l c u l a t i o n  is  e f f e c t u a t e d  by means of as t ronomical  l e v e l l i n g ,  p l ac ing  

r e l a t i o n s  of observa t ions  between each po in t  and t h e  n e a r e s t  p o i n t s :  i t  i s  
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admit ted t h a t  each d i f f e r e n c e  of level has  an e r r o r  independent from t h e  o t h e r s  

and p ropor t iona l  t o  t h e  d i s t a n c e ;  these  hypotheses are n o t  abso lu t e ly  r igorous :  

i t  is proposed t o  work up t h e  c a l c u l a t i o n s  s t a t i s t i c a l l y  most va luab le ,  which 

are p r e s e n t l y  i n  prepara t ion .  

The approximate coord ina tes  of the s t a t i o n s  ( c a l c u l a t i o n s  D and E) are 

fu rn i shed  by t h e  terrestrial Cartesian coord ina te s ,  i s sued  from t h e  coord ina tes  

( A  $ H ) ,  c a l cu la t ed  on t h e  I n t e r n a t i o n a l  E l l i p s o i d .  

A) Calcu la t ion  of t h e o r e t i c a l  coord ina tes  from t h e  stars on t h e  plates 

(5 Ground 

- 
Se lec t ion  of stars 

Calcula t ion  of XYZ e c l i p t i c  coord ina tes  
from t h e  camera i n  1950 

Rejec t ion  of stars by s tudying  t h e  scalar 
product  : 

3 + YYE + ZZE 
Reduction of t h e  s e l e c t e d  stars 
_3 (p,  q ,  r) d i r e c t i n g  cos ines  i n  t h e  

terrestr ia l  Car t e s i an  system 
Passage i n  l o c a l  h o r i z o n t a l  system 

Passage i n  t h e  p l a t e  system 

(f  = f o c a l  d i s t ance )  

form 

Operation C Operation B 
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DZ: zen i th  d i s t a n c e  
AZ: azimuth 
TU: un ive r sa l  t i m e  f o r  t h e  stars 
TU: un ive r sa l  t i m e  f o r  t h e  f l a s h e s  
P : pres su re  
T : temperature (Refract ion)  

B) Observations a t  t h e  comparator 

Observation of a p l a t e  n e c e s s i t a t e s  i n  p r a c t i c e  a day's work f o r  

two opera tors .  It  i s  most exact ing.  

The ope ra to r s  u t i l i z e  the  approximate coord ina tes  (x  y 1 ,  given by c c  

c a l c u l a t i o n  A ,  i n  o rde r  t o  pos i t i on  t h e  p l a t e  under t h e  comparator. 

They then  no te  the  elements of t h e  p l a t e  i n  t h e  fol lowing o rde r :  

ope ra to r  1, ope ra to r  2 
a c t i n g  as s e c r e t a r y  

ope ra to r  2,  ope ra to r  1 
a c t i n g  as s e c r e t a r y  

1 
1 

- Synchronizing marks a t  t h e  bottom of t h e  

- Stars 
- Flashes - 
- Flashes 
- Stars 
- Synchronizing marks a t  t h e  bottom of t h e  

camera 

camera 

The use  of two ope ra to r s  has  t h e  fol lowing advantages:  

-- Systematic  obse rva t iona l  e r r o r s  show up i n  t h e  course  of t h e  work 

i t s e l f ;  sometimes these  may be  remedied on t h e  s p o t  

-- The s e c r e t a r y  f i g u r e s  t h e  averages i n  t h e  course  of t h e  work: any 

e r r o r  i s  immediately cor rec ted  

-- The ope ra to r s  keep each o ther  company ( a  r a t h e r  f a s t i d i o u s  task! )  and 

they can rest t h e i r  eyes  50% of t h e  t i m e  

Following t h e  work of comparator obse rva t ions ,  a smoothing out  of 

t h e  f l a s h e s  is  e f f e c t e d ;  i n s t ead  of 60 f l a s h e s  i n  t h e  minute chosen, 

only 11 f l a s h e s  are kep t ,  corresponding t o  seconds 5 ,  10 ,  15 ,  20, 25, 

30,  3 5 ,  40, 45, 50 ,  and 55. The smoothing c o n s i s t s  i n  rep lac ing  t h e  

observa t ion  z of t h e  second i by t h e  mean obta ined  by making t h e  i 
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t h e  hypothes is  t h a t  t h e c u r v e  z ( t )  is  r ep resen tab le  by a func t ion  of t he  

second o r  t h i r d  degree i n  t h e  i n t e r v a l  ( i-4,  i+4) .  This  mean, obtained 

by u s e  of least squares ,  is  the  fol lowing:  

2 3 1  
I 

The smoothing o u t ,  e f f ec t ed  on an o f f i c e  c a l c u l a t i n g  machine, per- 

m i t s  c o r r e c t i o n  of mistakes:  only t h e  smoothed ou t  coord ina tes  (xo,yo) 

are punched onto t h e  tape .  

C) Processing of t h e  plates 

We then  go on t o  s t a g e  C. 

- 
-f xoyo Use of t h e  stars: 

Correct ion of r a d i a l  d i s t o r t i o n  
Examination of t h e  homographic formula,  

i n  least squares  

ApplicLtion t o  t h e  f l a s h e s  

Correct ion of d i s t o r t i o n  
Appl ica t ion  of t h e  homographic formula 

Return t o  terrestrial  Car t e s i an  system: 

+(XCYC - f )  

[ j= R1* R2*(.;\ 

Complementary c o r r e c t  i o n s  

T i m e  of propagat ion of t h e  r a d i o  s i g n a l s  
Correct ion t o  amount t o  t h e  even second 
Correc t ion  of p o s i t i o n  on t h e  p l a t e  

P r i n t i n g  of a tape 

of t h e  f l a s h e s  and elements P ,  T 
f o r  r e f r a c t i o n  

- 
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D) Intersection 

Several simultaneous plates give a series 

Plate 2 Plate 3 

in least squares, without 
weighting, and without correction of 
refraction 

*Approximate coordinates of the flashes 
second calculation, with weighting, and with 

+Coordinates sYFZF, the most coherent as 

correction of refraction 

a function of the coordinates of the 
stat ions 

L Printing of a tape 

J 
Operation E 

E) Geodetic calculation, properly so-called 

Regrouping of the series: each plate yields an observational re- 

lation in a general system of least squares. 

For this relation, a smoothed-out value of the central flash is 

used. 

For each plate 

coordinates of the central flash 
(p q r) of the central flash 

Refraction correction 
Phase correction 
Placing of the observational relation 
Normalization 
Elimination of the flash coordinates 
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I 

CAB 500 F 
/ 

Approximatd coord ina tes  
of t h e  s t a t i o n s  

Lia i sons  between 
t h e  s t a t i o n s  

Summation of t h e  equat ions  : 

1)  r e s u l t i n g  from a p r i o r i  l i a i s o n s  
between t h e  s t a t i o n  p o i n t s  (known 
p o i n t s ,  known d i s t a n c e s  .....) 

2) r e s u l t i n g  from t h e  normal equat ions ,  
a f t e r  e l imina t ion  of t h e  f l a s h e s  

I-Table N of weiphts  of t h e  coord ina tes  

Table N - 1  of va r i ance  
Calcu la t ion  of mean quadra t i c  e r r o r  
of a d i r e c t i o n  

k o r d i n a t e s  of t h e  s t a t i o n s  

V - RESULTS OBTAINED - PLANNED IMPROVEMENTS 

I n  a gene ra l  f a sh ion ,  t h e  Geographic I n s t i t u t e  has  been occupied wi th  t h e  

product ion  of h ighly  t r a n s p o r t a b l e  equipment, and wi th  t h e  achievement of 

e f f e c t i v e  experiments;  p rog res s ive ly ,  w e  hope i n  t h e  f u t u r e  t o  pe r fec t  t h e  

~ v a r i o u s  ope ra t ions ,  according t o  success ive  problems which r e q u i r e  increased  ~ 

p r e c i s i o n .  

P r e s e n t l y ,  w e  expect  from t h e  France - North A f r i c a  experience t h e o r e t i c a l  

angular  p r e c i s i o n  of 1/100,00Oth of a degree ( t h a t  i s ,  two sexagesimal seconds), 

which corresponds,  i n  g ross  f a sh ion ,  t o  a p r e c i s i o n  of 20 m between t h e  extreme 

geode t i c  po in t s .  It is no t  p o s s i b l e  he re  t o  say  anything d e f i n i t i v e  about t h e  

p r a c t i c a l  r e s u l t s ,  t h e  f i r s t  of which are j u s t  beginning t o  appear (opera t ion  

D ) .  (Furthermore,  they do no t  match t h e  t h e o r e t i c a l  p r e c i s i o n  noted above; 

t h i s  w i l l  o b l i g e  us  t o  go over  most c a r e f u l l y  a l l  t h e  phases of t h e  ca l cu la -  

t i o n s . )  

We hope i n  t h e  f u t u r e  t o  improve t h e  p r e c i s i o n  of t h e  neasurements thanks 

t o  t h e  fol lowing improvements: 

-- Regulat ion of t h e  e n t i r e  p ic ture- tak ing  ope ra t ion  by qua r t z  chronometer; 

p r e s e n t l y ,  t h i s  c lock  a s su res  r e g u l a r  r o t a t i o n  of t h e  s h u t t e r  d i s k ,  b u t  
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n o t  i t s  s e t t i n g  a t  t h e  hour ,  which i s  made d i r e c t l y  on t i m e  s i g n a l s .  I n  t h e  

f u t u r e ,  t he  chronometer w i l l  a l s o  perform t h i s  hour ly  s e t t i n g ,  i t s e l f  be ing  

r egu la t ed ,  always by t h e  intermediary revolving d i s k ,  by d i f f e r e n t  t i m e  

s i g n a l s ,  be fo re  and a f t e r  photography of t h e  s a t e l l i t e  and of t h e  stars, 

This  l a t te r  opera t ion  may thus  be  c u t  down t o  less than  t e n  minutes.  

-- To use  t h i c k  photographic p l a t e s  (6mm), r i go rous ly  f l a t t e n e d  

-- To use  f a s t  emulsions,  i n  o rde r  t o  i n c r e a s e  t h e  number of stars s h o t  i n  one 

seas ion .  

-- To t a k e  two sho t s  be fo re  and two sho t s  a f te rwards  of t h e  stars 

-- To p l a c e  sys t ema t i ca l ly  i n  each s t a t i o n  two cameras i n  para l le l :  t h i s  

procedure improves t h e  p r e c i s i o n  of t h e  d i r e c t i o n s  t o  t h e  r a t i o  and 

permi ts  t h e  easy d i s c l o s u r e  of any discrepancy 

-- To a i r - cond i t ion ,  a t  least p a r t i a l l y ,  t h e  p ic ture- tak ing  appara tus  and t h e  
- 

quar t z  clock. 

T rans l a t ed  f o r  t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion  by t h e  

FRANK C. FARNHAM COMPANY. 
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